Background: The recommended anthropometric methods to assess the weight status include body mass index (BMI), skinfold thickness, and waist circumference. However, these methods have advantages and disadvantages regarding the classification of overweight and obesity in adolescents. Aims: The study was to analyze the correlation between the measurements of BMI, skinfold thickness and waist circumference to assess overweight and obesity in Portuguese adolescents. Materials and Methods: A sample of 966 students of Portugal was used. Of them, 437 (45.2%) were males and 529 (54.8%) were females aged between 10 and 16 years. The evaluations included BMI calculation, skinfold thickness, and waist circumference measurements. Results: This study revealed a high prevalence of overweight and obesity with values ranging from 31.6%, 61.4%, and 41.1% according to the measurement of BMI, skinfold thickness, and waist circumference, respectively. The results found a high level of correlation between BMI and skinfold thickness (P < 0.001, r = 0.712), between BMI and waist circumference (P < 0.001, r = 0.884), and waist circumference and skinfold thickness (P < 0.001, r = 0.701). Conclusions: This study revealed a high prevalence of overweight and obesity in Portuguese adolescents using three different anthropometric methods, where the BMI showed the lowest values of prevalence of overweight and obesity and the skinfold thickness showed the highest values. The three anthropometric methods were highly correlated.
Introduction
The definition of excess body fat is not well established, especially in the adolescence period where the level of adiposity may vary widely with respect to age sex and maturational status. [1] Several methods can be used for the assessment of body composition, and the use of anthropometry is especially important during adolescence to allow the evaluation of changes resulting from growth and maturation. [2] According to the World Health Organization (WHO), the recommended anthropometric methods to assess the weight status of adolescents include body mass index (BMI) and triceps and subscapular skinfold thickness (ST). [3] However, the study of Glaber et al. [4] found that both BMI and waist circumference (WC) are good predictors of excess adiposity in adolescents.
The BMI is a reliable indicator of body fat for most adolescents, but in spite of its high sensitivity and specificity, a high number of adolescents classified as overweight or obese do not have high body fat. The relationship between BMI and components of fat and lean mass are not well established in adolescents due to different growth and maturation levels, [1] thus the prediction of excess fat through the definition of BMI cutoff points is still under discussion.
The measurement of ST shows a good correlation to body composition obtained with the direct measurements of fat. [5] Measurement of ST is usually considered as a better method to evaluate body fat in adolescents compared with BMI, due to the fact that subcutaneous fat (40-60% of total body fat) can be directly measured with a caliper. However, this measurement in adolescents who have a high adiposity index can lead to discrepancies in the results where it is difficult to separate subcutaneous fat from muscles. [1, 6] In addition, the validation of these equations relating these measurements for each population is mandatory. [6] WC is considered as highly sensitive and specific to assess the central body fat and may be useful in identifying overweight adolescents. [7] However, there are few accepted cutoff values for classifying overweight and obesity based on WC measures in adolescents. [8, 9] Considering the advantages and disadvantages of each method of anthropometric classification of excess adiposity in adolescents, reliable measurements of body fat and its distribution become necessary to obtain credible clinical and epidemiological data susceptible of being submitted to comparison studies allowing the population management of the consequences of overweight and obesity in adolescents. Thus, the aim of this study was to analyze the correlation between the measurements of BMI, ST, and WC to assess overweight and obesity in Portuguese adolescents.
Materials and Methods
The design of this epidemiological study was observational, analytical, and cross-sectional. The study was approved by the Ethics Committee of the Regional Health Administration of the Algarve, the Regional Directorate of Education of the Algarve, the Directorate General for Innovation and Curriculum Development, the Ministry of Education and Science and the directors of Schools that participated in the project.
The population involved students enrolled in public schools (26, 217 students between the fifth and ninth grades) from all municipalities of the Algarve, from both sexes, aged between 10 and 16 years. Considering the population, the minimum sample size was defined as 777, considering an estimate of the annual prevalence of overweight of 25%, reported in national and international studies, and with an error margin of 3%. [8, [10] [11] [12] [13] [14] Students were divided into two groups: group 1 consisted of students aged 10-12 years and group 2 consisted of students aged 13-16 years. This division took into account the different phases of the growth period, where the individuals from the first group have not yet entered a period of pronounced growth, primarily boys aged 13-16 years, when adolescents are in a period of accelerated pubertal growth. [15] The criteria of inclusion involved the students who were present on the data collection days, who had brought the parental or guardian consent and who wanted to participate.
A stratified random sample was used, where the target population was divided into subgroups considered homogeneous and then a sample from each stratum was randomly selected. That is, within each municipality schools were randomly selected (if there was more than one school in the municipality), and in each school some classes were selected to obtain the desired number of students per school. The sample distribution by the municipalities took into account the distribution of students enrolled in public schools.
Measurements

Body mass index
For the body weight measurement, we used a SECA 780 digital scale with a 150 kg capacity and a 100 g precision, and the height measurement was performed using a 200 cm stadiometer. In both measurements, students were standing upright, with no shoes and clothes of the day. For height measurement, students had their backs turned to the instrument, and their heads were positioned in the Frankfurt horizontal plane according to standard procedures. [2] BMI was calculated and the adolescents were classified as thin, normal weight, overweight, and obese, according to the limits proposed by the WHO. [16] The WHO uses the z-score, where a score below -2 classifies individuals as thin, a score higher than 1 and below 2 means overweight, and individuals with a score above 2 are considered obese. Adolescents with a z-score between -2 and 1 are considered to have a normal weight. [16] 
Skinfold thickness
ST measurements were performed with the patient standing upright using a Slim Guide caliper with a 10 g/mm 2 constant pressure on the tissue being measured. ST measurements were taken in triceps and in the subscapular region, in accordance with the procedures and criteria described by the WHO.
[2] These measurements were made by two trained evaluators, with experience in these measurements, where one evaluator demarcated sites to be pinched and the other evaluator performed the measurement.
The triceps ST measurement was alternated with the subscapular ST measurement to provide a small interval between each measurement. Three measurements were made of each ST and the average was obtained. This value was used in order to calculate the percentage of body fat, according to Lohman's formula, and individuals were considered to have very low, low, adequate, moderately high, high, and excessively high fat percentage. [6] Waist circumference WC measurement was performed in the horizontal plane, with individuals standing upright, naked at the abdomen, and after normal expiration. Two consecutive measurements were made and the average was obtained. This measurement was always performed by a single evaluator.
A 150 cm inelastic and flexible measuring tape with 1 mm resolution was used, and it was positioned at the midpoint between the last rib and the upper edge of the iliac crest.
WC was related to the abdominal percentile table set for Portuguese adolescents. [17] Abdominal obesity was defined with a value of abdominal percentile equal to or above percentile 90. A value between percentile 75 and percentile 90 was defined as a high value of WC. [18] Thinness was identified by WC equal to or less than percentile 5. [19] 
Statistical study
After a descriptive approach, to analyze correlations between the measurements obtained (in their quantitative form), we used Spearman's coefficients, given the fact that the Gaussian distributions cannot be assumed (evaluated by Kolmogorov-Smirnov test).
After recoding the measurements using the already described approaches, the chi-square independency test was used in order to evaluate the difference between the weight status defined by BMI, ST, and WC. To ensure the applicability conditions of this test, the fat percentage classification was recoded into four categories: Thinness (very low and low fat percentage), normal weight, overweight (moderately high fat percentage) and obesity (high and excessively high fat percentage). The chisquare independency test was also used to determine differences between anthropometric methods and the sex and age of the students. 
Results
From the 16 municipalities of the Algarve, only 2 of them refused to participate in the study. The minimum number set for the sample size with an error margin of 3% was exceeded, with a sample of 966 students aged between 10 and 16 years (12.24 ± 1.53 years), where 437 (45.2%) were males and 529 (54.8%) were females (corresponding to an error of 2.68%). The students were divided into 2 predefined age groups, 574 (59.4%) of them were aged 10-12 years and 392 (40.6%) aged 13-16 years. Table 1 shows the descriptive statistics of weight, height, BMI, z-score, triceps and subscapular ST, sum of ST, WC, and abdominal percentile.
The relationship between BMI and ST showed a high level of correlation (P < 0.001, r = 0.712), the association between BMI and WC showed a high level of correlation as well (P < 0.001, r = 0.884), and high correlation was also observed between WC and ST (P < 0.001, r = 0.701) [ Figure 1 ].
According to BMI, 81 students (8.4%) were classified as thin, 580 students (60%) as normal weight, 200 students (20.7%) as overweight and 105 students (10.9%) as obese. The chi-square independency test was used to determine differences between BMI and the sex and age of the students. The 10-to 12-year-old age group presented 41 students (50.6%) classified as lean, 132 students (66%) as overweight, and 84 students (80%) as obese (P < 0.01). Compared with boys, girls showed higher prevalence of thinness, observed in 50 girls (61.7%), whereas 116 girls (58%) were overweight and 57 girls (54.3%) were obese (P = 0.34) [ Table 2 ].
The fat percentage was rated very low in only 2 (0.2%) students, low in 8 (0.8%), adequate in 363 (37.6%), moderately high in 253 (26.2%), high in 300 (31.1%) and very high in 40 (4.1%) students. The chi-square independency test was also used to determine differences between classification weight status by ST and the sex and age of the students. In the 10-to 12-year-old age group, 6 students (60%) were classified as lean, 142 (56.1%) were overweight, and 211 (62.1%) were obese (P = 0.55). The highest prevalence of thinness was observed in girls, where 6 (60%) were classified as lean. The same was observed regarding excess adiposity, where 149 girls (58.9%) were overweight and 199 (58.5%) were obese (P = 0.018) [ Table 2 ].
Considering the evaluation of WC, it was found that 24 students (2.5%) were classified as lean, 545 (56.4%) as normal weight, 182 (18.8%) as overweight, and 215 students (22.3%) were classified as obese. The chi-square independency test was used to determine differences between classification weight status by WC and the sex and age of the students. Most students classified as lean (66.7%), overweight (51.1%), and obese (70.2%) were included in the 10-to 12-year-old age group (P < 0.01). Girls showed higher adiposity, where 96 (52.7%) were overweight and 148 (68.8%) were obese. The highest prevalence of thinness was observed in males, where 15 boys (62.5%) were classified as lean (P < 0.01) [ Table 2 ].
The relationship between the variables BMI and body fat percentage revealed that the majority of individuals classified as overweight in ST had already been rated overweight in BMI (P < 0.001) [ Table 3 ].
About 46% of the subjects were classified in the same category according to BMI and ST classifications. Only 2% had higher ratings in BMI than in ST and 52% had higher ratings in ST than in BMI.
The association between the classification of BMI and WC revealed that the majority of students classified as overweight in BMI were obese in WC. However, most of the subjects classified as obese in BMI were also classified as obese in WC (P < 0.001) [ Table 3 ].
Sixty-three percent of the subjects were classified in the same category according to the classification of BMI and WC. Only 6% had higher ratings in BMI than in WC and 31% had higher ratings in WC than in BMI.
The association between ST and WC revealed that the majority of students classified as overweight in ST were classified as normal weight in WC. Obesity was observed mostly in WC (P < 0.001) [ Table 4 ].
Sixty percent of the subjects were classified in the same category according to the assessment of WC and ST. Only 6% had higher ratings in WC than in ST and 34% had higher ratings in ST than in WC.
Discussion
This study revealed a high prevalence of adiposity (overweight and obesity) in a representative sample of [10] who evaluated 1875 students in Lisbon, aged 5-17 years and found that 30.5% of the subjects were overweight and obese in BMI according to the WHO criteria, the same used in this study. Ferreira [11] also obtained similar values for overweight and obesity (30.4%) in the assessment of BMI in 5708 students aged between 10 and 18 years from various regions of Portugal. However, the study used different criteria compared with the present study, using the classification of the International Obesity Task Force (IOTF). [19, 20] Marques-Vidal et al. [21] (also in the Lisbon area) evaluated 5013 individuals aged 10-18 years and obtained a higher prevalence of overweight and obesity, 46.9%, using the IOTF criteria. Another national study [12] evaluated 22,048 individuals aged 10-18 years and found a prevalence of overweight and obesity of 22.6% and 31.7% according to the IOTF and the WHO criteria, respectively.
Amaral et al. [22] revealed a prevalence of overweight and obesity lower than that obtained in the present study, displaying a value of 17.1% obtained in the evaluation of BMI in 7563 adolescents in northern Portugal. However, the study used the IOTF criteria. Sikdar's study revealed a prevalence of overweight even lower in individuals 10 years of age according to WHO criteria (9.6% in boys and 8% in girls). [23] The reasons for the value differences observed in the classifications for overweight and obesity between studies can be explained by the methods used to construct the various references, especially the populations in which they are based, the cutoff points used, the methods used in curve construction, and the criteria used to specify the cutoff. For example, several studies have found that the WHO cutoffs produced higher values of prevalence of overweight and obesity compared with the IOTF. [12, 24] The highest prevalence of overweight and obesity was found in girls, according to three anthropometric methods. These data differ from those obtained in the Ferreira [11] study where the prevalence of overweight and obesity was higher in boys. In the Marques-Vidal et al. [21] study, only overweight was more prevalent in girls, with obesity being more prevalent in boys. However, the study of Merhi et al. did not find significant difference in BMI between the sexes. [25] A possible explanation for higher prevalence of adiposity in females might be due to the greater amount of fat mass presented by adolescent girls compared with boys. In girls, regardless of chronological age, the pubertal development and the early menarche are associated to an increase in body fat. [1] Regarding thinness, higher prevalence was found also in girls according to the three methods used, which might be related to a greater concern with body image in this sex. [26] The highest prevalence of thinness, overweight, and obesity was also observed in students in the 10-to 12-year-old age group. The same result was obtained in the Ferreira [11] study where the highest prevalence of overweight and obesity was present in younger adolescents, aged between 10 and 13 years. The decline in overweight and obesity with increasing age is expected, since excess weight can be compensated by moderate growth. [26] As mentioned earlier, the highest prevalence of overweight and obesity was obtained with the evaluation of ST and the lowest with BMI. The BMI values are higher in boys while triceps ST is higher in girls, as boys have increased weight gain during adolescence due to improved lean body mass and girls have higher weight gain due to increased fat mass. [27] Despite the different values of the prevalence of overweight and obesity presented with the use of the three anthropometric methods, these reported a high level of correlation, the highest value obtained being the one regarding the correlation between BMI and WC (r = 0.884). Daniels et al. [7] compared WC, ST and BMI with DEXA in 201 individuals aged 717 years and found that WC was the best method (r = 0.80) as it was the least affected by gender, ethnicity and general adiposity. However, the Sardinha et al. [27] study evaluated methods for detecting obesity in 328 adolescents aged 10 and 15 years old and the results showed that the BMI and triceps ST measurements were moderately successful in the detection of obesity in this population, and that triceps ST provided the best results for obesity screening.
Ferreira et al. [28] evaluated 1550 Brazilian subjects aged between 7 and 11 years and concluded that BMI, according to the criterion of the Centers for Disease Control and Prevention, compared to WC and triceps and gastrocnemius ST, showed significant correlations in different classifications of overweight and obesity (r = 0.898, r = 0.86, respectively).
This study revealed that both BMI and other indicators of body fat are suitable to stratify the weight classifications in the analyzed population. However, we suggest new studies involving adolescents from other regions of the country and other ethnicities. Regarding the reliability of the anthropometric measures there was no process of reliability and this may have been a limitation of this study.
Since currently there are no values of BMI cutoff points defined for the Portuguese population, and the acquisition of a caliper to measure ST requires some costs and an experienced evaluator, we suggest the use of WC in the evaluation of weight status in Portuguese adolescents, as it implies lower costs and currently there are reference values for the classification of overweight and obesity for this group.
Conclusions
This study has revealed a high prevalence of overweight and obesity in a representative and stratified sample of 966 adolescents residing in the south of Portugal using three different anthropometric methods: BMI, ST, and WC. By correlating these three anthropometric methods to the classification of weight status, there was a high level of correlation between them, and we can conclude that any of these methods can be used to assess the weight status of adolescents, the WC evaluation being considered the measurement with the highest agreement level with the other two methods. In addition, the classification of weight status by BMI calculation reveals the lowest prevalence of overweight and obesity, whereas through ST measurement the prevalence was the highest. Thus, the anthropometric method used should be taken into account when comparing the results between studies.
